As is well known, intravenously administered dye extravasates at the site of inflam mation (1) (2) (3) (4) . This phenomenon has been used as one of the bases for the bioassay of experimentally induced inflammation (5) (6) (7) (8) (9) (10) . However, estimation of the extravasated dye either directly or by comparison to standard color chart, was not always satisfactory because of being influenced by subjective bias. Subsequently, Sachs and Lummis (11) recommended the spectrophotemetric measurement of the dye extracted from the inflam med tissue.
In this paper, the authors propose a convenient method for the quantitative estima tion of extravasated dye at the site of inflammation in mice using a photoelectric technique. The technique was utilized to demonstrate the anti-inflammatory activity of cortisone, salicylates, aminopyrine, tripelennamine, and glucuronic acid derivatives.
MATERIALS AND METHODS

Experimental animals
Five to eight week old male ddY mice and male ICR mice purchased at 4 weeks of age were used. They were housed in metal net cages and given diet (CE-2, CLEA Japan Inc., Tokyo) and water ad libitum. Constant temperature (24±2°C) and humidity (50 to 70% )were maintained.
Irritants
Formaldehyde, calcium chloride, dextran, ethanol, histamine, and bovine albumin and tis antiserum, made by immunizing rabbits with this albumin, were used as irritants throughout the present experiments.
Apparatus
The apparatus was designed as shown in Fig. 1 . Light passing through the skin specimen was gathered and recieved by CdS photoconductive cell. Changes in the re 
Procedure
Immediately after intravenous injection of 0.1 ml of 1 % Evan's blue in physiologi cal saline solution, mice were injected subcutaneously with each of the irritants into the central part of the dorsum. In the case of irritation induced by passive cutaneous anaphy laxis, antiserum was subcutaneously injected into the mice, following the intravenous ad ministration of bovine aluburnin mixed with the Evan's blue solution. In response to the irritant-induced inflammation, intravenously injected dye extravasates and concentra tes gradually at the inflammed site. Three hours after the injection of irritant, the mice were sacrificed and completely depilated with BaS solution. The naked dorsal skin con taining the colored site was cut off and streched on a paper mount with the colored site situated centrally (Fig. 2) .
After drying overnight, the skin specimen was placed in the appratus , and the electric current, adjusted to 100 /2A without the specimen, was measured. This skin specimen can be maintained for long periods of time without any further treatment , and can be used also for screen projection.
To see the effect of orally administered anti-inflammatory drugs on the inflammatory process, mice were fed these drugs 15 minutes before the intravenous injection of the Evan's blue solution. In the case of intravenously injected drugs , they were administered, in most cases, simultaneously by mixing it in the dye solution . Subcutaneously adminis tered drugs were given immediately after injection of irritant.
The skin specimens were prepared as above and the relative quantity of the extravasated dye compared with non treated specimens. (C) Irritated skin with passive cutaneous anaphylaxis induced by bovine albumine and its antiserum reaction. Evan's blue, which had been injected intravenously, extravasated at the site of inflammation. (D) Irritated skin of mice, which had been given 300 mg of D-gucuronolactone orally, with passive cutaneous anaphylaxis. The quantity of the extravasated dye was less than that of case (C).
Expression of the extravasated dye content by the changes in optical density
Since the photoconductive characteristics of the CdS photocell presents both the logarithms of the received optical intensity (L) and of the modified electric current (I) as linear functions, the relative quantity of the concentrated dye will be reflected as changes in electric current.
However, some factors must be considered in the present method, such as thickness of the skin, variety of the colored area and s3 on. When the factors contributing to the intensity of the light passing through the skin specimen (Xi, i=1, 2, .... ), such as the area of the skin specimen (S) which transmits light, the area of the colored site (Si, i=1, 2, ....) and the quantity of extravasated dye (Zi, i=1, 2, .. ), were given, the quantity of the extravasated dye in the different specimens could be compared as follows. From Lambert-Beer's law -log T=a .c.1.
where a is the absorptivity, c is the concentration of the dye, 1 is the path length and -log T is optical density .
As the variations in transparency of skin specimen can be neglected, the ratio, T'xi, of the transmitted optical intensity through the area of colored site (Si) and the same area of control skin, is where Ls; is the optical intensity transmitted through the area of colored site, Lc is the whole optical intensity through the control specimen and E is constant. On the other hand, a variable D.C. stabilizer was used in this apparatus so that the photoconductive characteristic of CdS is expressed by the equation log I=k log L+B ...... 2 where k and B are constants. From equations 1 and 2, the difference of absobance (-log Txi) between irritated and control skin specimens in the area S, is given in the form where Lx, is the optical intensity transmitted through specimen X1, Ix1 is electric current excited by Lx; and Ic is electric current excited by Lc. Here, Lxi can be expressed as the sum of the optical intensity passed through the area Si and the intensity through the circumferencial area (S-Si), 
RESULTS
Variation in the transparency of non-irritated skin Three hours after the intravenous injection of 0.1 ml of Evan's blue solution, ten skin specimens of 5, 6, 7 and 8 week old ddY and ICR mice were prepared and the transparency of the each one was measured on the apparatus, where electric current without the specimen was adjusted to 100,uA (log 1=2.00).
As shown in Table 1 , the logarithm of electric current increased in response to age in both the ddY and the ICR strain. In general, the transparency of the former was better although they were more susceptible to local infection after 7 weeks of age and pro duced unexpected focal dye leakage. The variation in the transparency of the each age group was very small. From these observations, 5 week old ddY mice were used for the following experiments. 
Dose-response relationship between the amount of dye and log tx value
The relationship between the concentration of the dye and the corresponding -log tx value was tested, using the Petri's dishes of 4.5 cm in diameter containing 2 ml of Evan's blue solution at various concentrations in place of the skin specimen. The results, as shown in Fig. 3 , indicated that the relationship between them was linear from 0.01% to 0.05%. Over 0.06%, the CdS photocell showed reduced sensitivity. However, a better dose-response curve was obtained when 0.1 ml of Evan's blue solu tion, at various concentrations ranging from 0 to 0.7% in 0.025% steps, was injected sub cutaneously into the central part of the dorsal skin of mice respectively, the skin specimens were prepared one hour later for the same tests. In this experiments, the area of colored site varied to some extent, being larger with higher concentrations of dye and despite the use of the same injection volume. The results obtained, using 5 mice at each concentra tion and formula (9) are shown in Fig. 4 . As can be seen, a sharper gradient in the dose-response curve was obtained than that of the dye solution itself. Further statistical analysis was carried out. Standard deviations of measured -log tx values for each level were calculated to see how much differences in concentration would be needed to discriminate between two samples. Changes in -log tx value corresponding to 0.05% difference in the dye concentration were significant at P<0.05% throughout the concentration range from 0.1 to 0.6%. In the case of 0.1 % difference of the dye solu tion, the difference in -log tx value became more significant throughout the range below 0.6%. In other words, these results revealed that a 50 ,ug of change in dye content in the skin was sufficient to yield a significant difference between -log tx values when 5 mice were used for each group. Obviously, if larger numbers of mice are used in each group, small differences in dye concentration can be discriminated. FiG.5 . Relationship between the concentration of irritant, which was injected into mice skin in the volume of 0.1 ml, and the corresponding -log tx value.
Dose-response relationship of irritants
At various concentrations 0.1 ml of the chemical irritants were, injected subcutaneous ly into the central part of dorsal skin of mice and the characteristic extravasation of the intravenously preadmini€tered dye was investigated. As shown in Fig. 5 , -log tx value increased in response to the concentration of CaCl2j ethanol, dextran, formaldehyde and acetic acid. Acetic acid showed irritation to some extent even at 0.005%, although the gradient of dose response curve was lower than the others. There was a discrepancy in the case of histamine hydrochloride, in that a temporal increase in -log tx value from 0.02 to 0.2% was followed by the decrease to the control base. It was also noticed on occasion, that a weak temporal increase in -log tx value occurred at the lower con centrations of ethanol.
On the other hand, when 0.1 ml of various concentrations of antiserum were injected subcutaneously subsequent to intravenously injected 0.15% bovine albumin mixed in 1 % Evan's blue solution, dye leakage was provoked in response to the concentration of anti serum ( Table 2 ). Effect of anti -inJlammatory drugs Based on the above observations, 0.25% formaldehyde , 0.5% CaCl2j 0.02% histamine hydrochloride, 25% ethanol and properly diluted antiserum were used as irritants to test the anti-inflammatory action of drugs.
Initially, a series of well-known anti-inflammatory drugs, hydrocortisone, salicylates and aminopyrine, and the antihistamine, tripelennamine were tested and the results ob tained are summarized in Table 3 .
In general, the inflammatory process due to passive cutaneous anaphylaxis was more sensitive to the anti-inflammatory drugs than any other irritant. With this irritant, sub cutaneously administered hydrocotisone and intravenously administered sodium salicylate were remarkably effective. In the case of orally administered sodium salicylate, to some extent the activity was weaker. Acetylsalicylic acid and tripelennamine showed only a moderate effect. Aminopyrine also was moderately effective when administered oral ly. However, its intravenous administration of high doses increased the extravasation of dye.
With formaldehyde-induced inflammation, sodium salicylate, acetylsalicylic acid and aminopyrine were effective in high doses, although some differences between oral and intravenous administration of acetylsalicylic acid and aminopyrine were apparent. With respect to hydrocortisone, a significant reduction in dye leakage could not be detect ed unless this drug was given for three days at a dose of 20 mg/kg/day.
With histamine-induced inflammation, tripelennamine was remarkably effective. However, another type of dye leakage is produced at the site of injection by this anti histaminic drug when given in high doses. All the other drugs utilized in this study were effective in reducing dye leakage in high doses.
With both CaC1, and ethanol-induced inflammation all the drugs utilized were not significantly active in reducing dye leakage.
The effect of sodium pentobarbiturate, adrenaline and acetylcholine were tested on the same manner. Inflammation induced by passive cutaneous anaphylaxis was used to see the influence of changes in body temperature or in blood pressure on extravasation of the dye. As shown in Table 4 , a significant decrease or increase in the extravasated dye con tent could not be observed when either 5, 25, and 50 mg/kg of adrenaline, nor when 5 and 15 mg/kg of acetylcholine was injected intraperitoneally.
These doses were chosen because of their ability to cause changes in blood pressure. The results seem to indicate that temporal changes in blood pressure are negligibly effective on dye leakage. Decrease in body temperature of mice caused by the oral administration of aminopyrine was remarka ble throughout the dose levels tested. Since dye-leakage was not reduced by the adminis tration of sodium pentobarbiturate, in spite of causing the remarkable decrease in body temperature as aminopyrine, the authors considered that the activity of aminopyrine in reducing the leakage of dye in the process of inflammation did not result from a change in body temperature. 
Effect of glucuronic acid derivatives
The anti-inflammatory activity of D-glucuronolactone, sodium D-glucuronate and D-glucuronamide were tested and compared with that of D-glucose and L-ascorbic acid. As summarized in Table 5 , D-glucuronolactone and sodium D-glucuronate were effective in reducing inflammation but others were not.
In the inflammation induced by passive cutaneous anaphylaxis, n-glucuronolactone (1-4), (6-3)-dilactone were studied because they are potent inhibitors of (3-glucuronidase in vivo (17) . Passive cutaneous anaphylaxis and CaCl2-induced inflammations were utilized as irritants.
As shown in Table 6 , D-gulonolactone had a slight effect in reducing the dye leakage in passive cutaneous anaphylaxis-induced inflammation, but no effect was detected with L-gulonic acid. On the other hand, 2,5-di-O-acetyl-D-glucaro-(1-4), (6-3)-dilactone showed practically the same effectiveness as D-glucuronolactone, and D-glucaro-(l-4) lactone was less effective. In this test, the activity of f3-glucuronidase in inflammed skin was checked briefly using p-nitrophenyl glucuronide as a substrate. It was learned that some decrease in the activity at the site of inflammation was noticed following the administration of (3-glucuro nidase inhibitors. During our present study, it was noticed that D-glucuronic acid derivatives showed a synergistic atcion with hydrocortisone and sodium salicylate as shown in Table 7 . For instance, intravenous administration of the mixture of 200 mg/kg of D-glucuronolactone and 100 mg/kg of sodium salicylate were more effective in reducing inflammation than either one alone at twice the dose level. Such a phenomenon was slso observed in the combination of D-glucuronolactone and hydrocortisone, of sodium D-glucuronate and salicylate, of sodium D-glucuronate and hydrocortisone, and of.D-glucaro-(1-4)-lactone and hydrocortisone. 
DISCUSSION
A photoelectric method for the estimation of extravasated dye at the site of inflam mation in mice skin is described, including its application for the bioassay of anti-inflam matory drugs. The present technique is considered to be an effective and convenient method for screening the anti-inflammatory activity of compounds for several reasons.
It is easily performed, is reproducible, and the specimen can be preserved for long periods.
Of the irritants used in this study, formaldehyde and CaCl2 produced severe inflam mation of the skin while the others showed only a mild irritation. The influence of his tamine hydrochloride on capillary permeability was limited to concentrations between 0.02 to 0.2% because of an unexpected disappearance of the activity in higher concentra tions. It is conceivable that some mechanism was evoked with higher doses of histamine hydrochloride which inhibited the inflammatory process. However, dye leakage was almost negligible throughout a wide range of concentrations when histamine hydrochloride solutions were injected subcutaneously after the pH was adjusted to a normal physiologi cal value. It was noted also that dilute hydrochloric acid solution had little effect on the capillary permeability. These facts may indicate that some favourable acid environment is necessary to protect histamine from enzymatic hydrolysis as reported with bradykinin by Edery and Lewis (18) . Concerning CaCl,j a possible inflammatory mechanism was conceivable based on Ratnoff's observation (19) that calcium ion accelerates the in vitro activation of plasma proteolytic enzyme, known as plasmin or fibrinolysin. It was considered that the irri tative affects of ethanol and formaldehyde depended on their ability to denaturate protein.
Furthermore, passive cutaneous anaphylaxis induced by the antigen and antiserum reaction, produced the dye leakage in mice skin which was markedly antagonized by anti inflammatory drugs, such as cortisone, salicylates etc. The authors now believe that this method of inducing inflammation is better than the other methods. Passive cutaneous anaphylaxis induces a more general inflammatory processes which involving more factors is milder when compared with irritants that cause direct tissue damage. However, it is not possible, at present, to say with any certainty what is the mediator of the reaction.
It is interesting to note that the salicylates and aminopyrine, resembled hydrocortisone in their effect on various irritants induced inflammation. It may be significant that both the salicylates and aminopyrine stimulate the pituitary-adrenal system (20, 21) . Further more, both the salicylates and hydrocortisone acted synergistically with glucuronic acid derivatives.
With regard to tripelennamine, the histamine-induced inflammation was remarkably reduced by this drug when compared with others. This phenomenon was considered reasonable because of its antihistaminic action.
Sodium D-glucuronate and D-glucuronolactone have been useful in many types of arthritis and associated rheumatic conditions (22) (23) (24) (25) (26) (27) (28) . It has been pointed out that abnormal polysaccharide metabolism may be responsible for inducing various inflamm mation (29) , and further suggested by some workers (22, 23 ) that many of the clinical signs and symptoms of rheumatic disease may be a manifestation of an acute or chronic D-glucuronic acid deficiency associated with one of natural protective mechanisms. Con sequently, the authors believe that the anti-inflammatory activity of glucuronic acid de rivatives, demonstrated in the present study may be suggest their clinical usefulness in such diseases.
The present results are not sufficient to clarify the mechanisms of anti-inflammatory activity of glucuronic acid derivatives. However, it can be said that thier effectiveness does not result from an inhibition of the action of histamine, released at the site of inflam mation, because they have no effect on histamine-induced inflammation. One pos sibility may be related to the data reported by Tatsuda (30) (6-3)-dilactone had almost the same effectiveness in reducing inflammation as did D-glu curonolactone, while L-gulonolactone and L-gulonic acid had no effect. This fact is noteworthy, when we learned that j -glucuronidase activity of the synovial membrane is abnormal high in arthritic diseases (31) . Furthermore, the enzyme activity is increased in injured tissue (32, 33) , in the plasma obtained from BCG-infected mice in the ana phylactoid state induced by endotoxin (34) , and in cells infiltrated by Arthus and Sch wartzman reactions (35) . The exact mechanisms of the anti-inflammatory activity of glucuronic acid deriva tives remains obscure. The authors, however, are convinced that further clarification of its mechanism will be related to the role of f1-glucuronidase in metabolism of the inflammatory process.
SUMMARY
A photoelectric method for the estimation of extravasated dye at the site of inflam mation in mice skin is described. Its application for the bioassay of the anti-inflammatory activity of hydrocortisone, salicylates, and glucuronic acid derivatives is included.
The obtained results are as follows : 1. Fifty /-cg of extravasated dye content change in mice skin was sufficient to discriminate the differences between two samples in -log tx values, when 5 mice were provided for each group.
2. Formaldehyde and CaC12 produced severe inflammation, and dextran, acetic acid and ethanol produced only moderate reactions. With these irritants, a graded dose response relationship was determined. With histamine hydrochloride, however, dye leakage was provoked only in concentrations between 0.02 to 0.2%, and followed by a diminition of the reaction in higher concentrations.
3. Passive cutaneous anaphylaxis induced by bovine albumin and its antiserum, made by immunizing rabbits with antigen, was recommended as the best irritant for the bioassay of anti-inflammatory drugs because of its mildness, the more general inflammatory processes included.
4. Using such irritants, the anti-inflammatory activity of well-known drugs was demonstrated. Hydrocortisone and salicylates showed almost the same effectiveness in reducing inflammation induced by passive cutaneous anaphylaxis, formaldehyde and histamine hydrochloride, and also has a synergistic action with glucuronic acid deriva tives.
Aminopyrine showed activity when administered orally, but its action was inconsis tent when given intravenously. Tripelennamine reduced histamine-induced inflamma tion remarkably when compared with the other drugs.
5. It was ascertained that D-glucuronolactone, sodium D-glucuronate, D-glucaro
(1-4)-lactone and 2,5-di-O-acetyl-D-glucaro-(1-4), (6-3)-dilactone had an anti-inflam matory activity on the acute inflammation induced by passive cutaneous anaphylaxis and CaC12j and the possible mechanism was discussed.
